Introduction
Typically when greenhouse gas (GHG) emissions are reported by industry or per capita, the statistics are presented in a production-based way which isn't necessarily meaningful to consumers in relation to their own behaviour. Also, production-related emissions are only one way to measure the benefit that a country or individual gains from greenhouse gas emissions, and only one way to track efforts to reduce greenhouse gas emissions. Reports of industry emissions tell individuals where the GHG emissions come from, and calculations of per capita emissions derived from production emissions give individuals some idea of the magnitude of their emissions, but they do not tell individuals what emissions they are personally responsible for.
From the standpoint of a consumer, consumption-based emissions are the full scope of emissions they can control and take steps to mitigate. This paper uses a simple method to calculate consumption-based emissions for different types of New Zealand households. We focus on how consumption by different households in different categories affects GHG emissions rather than attempting to provide an accurate measure of total consumption emissions.
This information helps consumers understand how their current consumption profile affects their GHG emissions. This is especially important as individuals look for concrete personal steps they can take to reduce their carbon footprint. 1 This information can serve to counter the culture of paralysis surrounding the thought of GHG emissions as a societal or firmlevel problem. Furthermore, the study helps us observe how consumption emissions vary over differing household characteristics. This is helpful on a higher level as it helps us see patterns across characteristics such as income deciles or differing household compositions. These descriptive statistics provide insight into emissions patterns in New Zealand and what sort of future action may be fruitful on a scale that both policy makers and the general population can better understand.
We relate production-based emissions to consumption using an approach that combines an input-output (IO) model with a household expenditure survey using carbon intensities Some categories of consumption account for more emissions than others. The three main drivers of emissions for the average household in New Zealand are food, transport and housing utilities. We also find that that there are important drivers within those broader categories: meat/dairy, petrol and electricity generation respectively. Emissions intensity per dollar of consumption goes down as income decile and number of people in a household goes up. Moreover, we find that the composition of emissions changes as income varies and between different regions. For example, housing utilities is a larger proportion of emissions profiles for lower-income households, while transport is a larger proportion of emission profiles for higherincome households. Another example is that households in Auckland tend to create more transport emissions while households in Wellington tend to create more housing utilities emissions.
The three main household emissions categories account for a combined 89% of all emissions for the average household. This implies that we must address these areas if we want to make large emissions reductions. Furthermore, we need to look at the carbon intensities, the sources of GHGs and the mitigation options associated with these activities and determine to what extent households have control over these emissions and where a higher-level policy-based solution is necessary. Because emissions composition changes over key demographics such as household income and region, solutions will also vary across households. Some practical mitigation options on a personal level include sharing fixed emission costs of household energy by living together, using more public transport, working and consuming less and changing one's food bundle. Policy-based mitigation options include facilitating and providing incentives to reduce GHG emissions from production (and import) within each consumption class, helping low-income households improve their energy efficiency and improving public transport infrastructure to reduce private transport, at least until very low-emission vehicles are widespread.
Literature Review
The literature exploring the incidence of carbon taxes has provided a foundation for our approach. However, we differ from these carbon tax incidence papers by looking at the composition of emissions profiles across households. Kolstad (2010) also find that housing utilities are more important in lower-income households and transport is more important in higher-income households. This is consistent with our analysis of emissions composition over income deciles. We look further into the breakdown of these emissions within categories of consumption.
Methodology

Fossil Fuel Emissions Analysis
In order to relate production emissions to consumption emissions, our analysis relates an input-output (IO)-based emissions model to household expenditure as seen in Figure 1 . Figure 1 splits our process into two stages and shows the components that go into each stage of analysis.
The first stage transforms production emissions into a carbon intensity vector (c) which is measured in tonnes of CO 2 /dollar 2 of gross output and covers all industries in the economy; the 2 In this study, emissions from fossil fuels are limited to CO 2 . We do not include emissions of other GHGs produced from fossil fuel combustion (e.g. methane and nitrous oxide).
second stage uses c to transform household expenditure into consumption emissions. Carbon intensity is defined using emissions factors, fuel requirements and an IO model.
If there are n industries and k fuels, then c is a 1 x n vector of carbon intensities measured in tonnes of CO 2 /dollar of output over n industries, e is a 1 x k vector of emission factors measured in tonnes of CO 2 /petajoule (PJ) of fuel for k different fuel types and F is a k x n matrix of k fuel requirements measured in PJ/dollar of output for each of n industries. A is an n x n matrix, called the IO After c is calculated, we relate the production-side industries to the consumption-side sectors of spending. Household expenditure is divided up into different sectors of spending (e.g.
food, transport) that can be easily matched to industries in c. We used scalar multiplication in order to convert average household expenditure to average household emissions using the c vector. 
Process Emissions Analysis
Process emissions are non-fossil-fuel-based emissions from transforming raw materials into final products (we include only methane and nitrous oxide from agricultural production, and carbon dioxide from industrial processes such as steel and cement manufacturing 4 ) and can be included through a simple extension of the baseline model. By adding total CO 2 -equivalent (CO 2 -e) emissions from the processes as entries in the e vector and placing indicator entries in F to allocate the emissions to the correct industry, the process emissions flow throughout the economy in the same way as the fossil-fuel-based emissions in order to form c. Then, c can be used in the same manner as in the baseline case to convert average household expenditure to average household emissions.
Data
We used data from as close to 2007 as possible in our analysis because it was the most recent, complete and reputable dataset that would give us all the information we needed for our analysis. Table 1 for data sources) which provides annual emissions factors in tonnes of CO 2 /PJ of energy over three broad categories of energy: Coal, Liquid Fuels and Natural Gas.
The data separates each broad category into several subcategories as well. We took a total of five emissions factors to put through our model by splitting Liquid Fuels into Petrol, Diesel and
Other Liquid Fuels. We separated the emission factors in this way to be consistent with how the data for F is disaggregated from the Energy Data File.
Emissions factors were taken directly from the web tables for Diesel and Natural Gas.
Emissions factors for Coal and Petrol were calculated by averaging its subcategory emissions factors because they were very similar. We broke down Other Liquid Fuels into four subcategory groups found in the oil consumption data of the 2012 Energy Data File: fuel oil, aviation fuel, other petroleum products and LPG. The emissions factor for Other Liquid Fuels was calculated by weighting each subcategory group's average emissions factor by its share of total Other Liquid Fuels consumption from the Energy Data File.
The end result provides us a 1 x 5 vector of tonnes CO 2 /PJ over five fuel types (Table   2 ).
Deriving the Matrix of Industry Fuel Requirements (F)
In our IO model, F is a k x n matrix of k fuel requirements for each of n industries measured in PJ/dollar of output. We derive F using a combination of the Energy Data File (EDF) and the 2007 National Accounts IO Table 3 for classifications) in this Use 
Diesel Diesel
Other Liquid Fuels
Other petroleum products Gas Natural gas
Gas
We then assigned NZSIOC industries to groups based on the broad EDF sectors. We weighted the PJ distribution between these groups of NZSIOC industries according to use shares. Weighting the PJ distribution occurred at the finest level of sector aggregation that the EDF provided for each fuel, as the information varied across fuel types. Whenever there was insufficient data on use shares for a group of NZSIOC industries from the Use table, we parcelled PJ usage out equally among the industries in that group. PJ usage data for 2007 was pulled from both the 2008 EDF and the 2012 EDF because they often differed in the level of aggregation offered. We took the breakdown that was the most specific in each case.
The result of this is a 106 x 5 matrix of gross PJ usage of five fuel types across 106 NZSIOC industries. We then divided each NZSIOC industry row of the F 
Process Emissions
Process emissions were obtained from the 2007 web tables of New Zealand's Greenhouse
Gas Inventory (as updated in 2010), which provide total emissions for agricultural and industrial processes ( Table 4) . The values for total emissions were added to the beginning of the model as additional emissions factors to the e vector and the relevant 'fuel' requirements were added to the F vector. Emissions of methane and nitrous oxide were converted to CO 2 -e emissions using 100-year Global Warming Potentials from the IPCC (1996). They were then assigned to an industry in the F table using an indicator ("1") in the relevant industry row. The only exceptions were enteric fermentation and agricultural soil which were split between the horticulture, sheep/beef and the dairy cattle industries (Table 5 ).
This method ensures that process emissions are distributed through the economy the same way that the fossil-fuel emissions are in terms of accounting for emissions from both intermediate and final products. clothing (predominantly non-wool-based) being attributed the same emissions as locally produced clothing (predominantly wool-based). Emissions from clothing produced in New
Zealand will be higher than those from imported clothing due to the agricultural emissions from producing wool. To account for this anomaly, we have transferred the output of "sheep, beef cattle and grain farming" that was used as an input into "textile and leather manufacturing", and hence the process emissions that are associated with this output, into "meat and meat product manufacturing". This is consistent with the New Zealand Emissions Trading Scheme legislation which allocates the emissions from wool production to meat production.
The emissions from the beverages category (which includes alcoholic beverages, tobacco and illicit drugs) also more than doubled when process emissions were included. This was partly due to a large amount of the output of "non-metallic mineral product manufacturing" going into the production of "beverage and tobacco product manufacturing". This output is probably glass but is being assigned the high emissions factor of concrete. To correct for this, we redistributed the output of "non-metallic mineral product manufacturing" going into "beverage and tobacco product manufacturing" across the "residential building construction", "non-residential building construction" and "heavy and civil engineering construction" industries, based on the relative size of each. The emissions from beverages still increased by a large amount when process emissions were included due to the large input into production from "horticulture and fruit growing".
Deriving the Matrix of Direct Requirement Coefficients (I-A) -1
(I-A) -1 is a n x n matrix comprised of coefficients that measure how many additional dollars of output each industry must outlay in order to create an additional dollar of output in the original industry. In our IO model, (I-A) -1 is a 106 x 106 matrix taken straight from the National Accounts input-output "Total requirements" table. Usually one would have to take the A matrix, (which is the "Transactions" table) and transform it manually but Statistics New
Zealand provides the transformed matrix.
Calculating the Carbon Intensity Vector (c)
The vector c is a 1 x n vector of carbon intensities measured in tonnes of CO 2 -e/dollar of output over n industries. The vector was derived using MatLab by inputting the appropriate we derived is of a similar magnitude to these papers but the values differ.
Converting Production Emissions to Consumption Emissions
The last step in the process is to use the c vector to convert average household expenditure to average household emissions. We use the 2010 Household Economic Survey (HES), which provides average weekly household expenditure over the group (e.g. food),
subgroup (e.g. fruits and vegetables), and class levels (e.g. fruits) in order of increasing specificity.
Statistics New Zealand provides web tables that present data on household expenditure at the subgroup level subdivided by various household characteristics such as income deciles, household composition, region and number of people in household. 
Homogeneous Output Assumption
The input-output model used in our analysis assumes that output from each industry is homogeneous and hence has the same GHG content per dollar of output. This assumption can either serve to overestimate or underestimate emissions depending on the type of analysis. For example, richer people may be spending more money on a smaller quantity of eco-friendly products. This model overestimates their emissions because it assumes that they are simply buying more output from the industry. Likewise, poorer people may purchase less meat and dairy products as a share of their food, buying cheaper alternatives. Homogeneity is a standard assumption of many IO models; more discussion of this assumption is available in Gough et al.
(2011).
Government-Provided or -Subsidised Consumption
In New Zealand, the government provides or subsidises a range of goods and services that are consumed by households. Household expenditure therefore does not represent all household consumption and emissions in these areas will be understated by the model. For example, health care is heavily subsidised by the government, reducing household expenditure and resulting in our model understating the emissions associated with health care.
Results
The final model, including major process emissions, gives us estimates of household  include all GHGs in the national inventory calculated on a CO 2 -e basis, whereas our study excludes some non-CO 2 GHGs.
 include the emissions from goods produced in New Zealand and stockpiled or exported overseas rather than consumed by New Zealand households.
 exclude all emissions associated with international aviation.
 exclude emissions associated with the production of goods imported into New Zealand.
The differences in per capita emissions calculated on a production versus consumption basis highlight the importance of considering both metrics when assessing responsibility for emissions and identifying mitigation opportunities. As discussed in section 4.3 our analysis excludes publicsector consumption and will therefore underestimate households' consumption-based emissions. Table 6 shows that food contributes 32% of total consumption emissions for the average household. Within the food HES group, the main contributors to total emissions are methane from enteric fermentation and nitrous oxide from agricultural soils. Both of these sources of process emissions feed directly into food industries.
Other studies have examined the total emissions attributable to food production. group with 64% of total housing utilities emissions. This is because the electricity generation industry requires a sizable amount of both coal and natural gas (about 48% and 69% respectively of total coals and gas usage in the economy in 2012). The three highest emitting categories in total also have the highest marginal emissions.
Within these, the expenditure classes with the highest emissions per dollar are electricity, followed closely by petrol; meat, poultry and fish; and milk, cheese and eggs. Electricity emissions are an average over the day and across months. The actual emissions are very dependent on when electricity is used because the electricity source (hydro, wind, gas, coal or geothermal) varies. PCE (2012) explain how the source of electricity and hence the carbon emissions associated with it vary over the day (with low emissions at night and especially in the early hours of the morning) and over the year, with higher emissions in winter, especially in dry years when the hydro lakes are low. Reducing electricity use during the day in winter reduces emissions most. 8 We do not account for non-CO 2 emissions from refrigeration. Emissions from food are heavily derived from process emissions. Within these, methane is associated with meat and dairy products. Its impact on the climate depends on the time frame of concern because it is a relatively short-lived gas. Process emissions also increase housing utilities' emissions because of the industrial process emissions involved in, for example, steel and cement production. Moreover, having more adults in the household tends to increase the carbon intensity per dollar of expenditure as seen in some of the highest categories, such as Other Couples, Adult Child; 1 Parent, Adult Child and Other (Flat, +1 Families). These effects could, however, be driven primarily by differences in household income. To summarise, our model uses a carbon intensity vector to transform household expenditure into household GHG emissions from direct private consumption and compares households over characteristics such as income, region and the number of people in a household.
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We find that household consumption-related emissions are concentrated in a few key categories and that some consumption items are associated with higher emissions than others.
Understanding the sources of emissions allows households to focus on making the biggest and most efficient reductions through targeted and purposeful behaviour. This also helps public officials and policy makers to focus their emissions reductions strategies.
The main drivers of household consumption-related GHG emissions in New Zealand are food, transport and housing utilities (accounting for 89% of emissions). If we want to make large reductions in household emissions, we must address these areas. The fact that transport and housing utilities are very emissions intensive is intuitive, but a more surprising result is that food emissions comprise a third of CO 2 -e consumption-related emissions. This highlights the importance of options for mitigating emissions of nitrous oxide that is associated with all food production and the relatively short-lived methane from ruminant animals as we aim for more stringent emission reduction targets and as climate change becomes less of a future possibility and more of a current reality.
Within the key categories (food, housing and transport) some specific categories of spending emit the most both in terms of intensity and in total: meat and dairy within the food category; petrol consumption within the transport category; and average electricity use within the housing utilities category.
In terms of food bundles, meat and dairy consumption are responsible for about half of food emissions and have the highest carbon intensities per dollar of expenditure. There is a relatively high marginal effect of reducing consumption of meat (especially from ruminants) and dairy; the extent to which households can change their food bundle will vary with current diet.
The nature of transport and housing utilities makes them more conducive to reductions by sharing. If more people benefit from the same fixed emissions, overall emissions can be reduced.
By electing to live with more people under one roof or by carpooling in order to share transport, emissions can be reduced by a large amount.
Those who spend less tend to emit less. This effect is not proportionate as income decile rises because carbon intensity decreases per dollar of expenditure as income rises. Consumption by low-income households is more emissions intensive per dollar of expenditure than by highincome households. However, lower-income households may have fewer options to change their emissions profiles as they may be constrained by credit availability (e.g. for insulation) and their already low total emissions.
We must take care not to prescribe the same solutions to all households across income deciles. It is clear that the composition of emissions changes as income increases. For poorer households, the fixed emissions cost of housing utilities is a bigger part of their emissions than transport. A significant fall in the emissions of poorer people might require policies that establish higher energy efficiency codes in low-income housing. Richer people can reduce household energy use and could also take fewer, longer international trips rather than short, frequent ones and invest in video conferencing technology to reduce the amount of highly emissions-intensive travel they may be doing. They may also have a higher capacity to change their lifestyle without compromising their basic needs, possibly by substituting leisure for consumption. 
Moving Forward
Accessing unit record data from the Household Economic Survey from Statistics New
Zealand would allow us to analyse household emissions in greater depth, controlling for many factors with an econometric approach. This would allow us to make our calculations more personal and find more meaningful patterns to interpret. A time series approach could also be used. This would allow us to see how New Zealand households' consumption emissions and their composition are changing over time.
Ideally, a multi-region input-output 
